Five new ent-atisene diterpene glycosides (1-5) have been isolated from Stevia rebaudiana Bertoni. This adds to a list of only 2 new ent-atisene diterpene glycosides isolated previously from S. rebaudiana. Diterpene glycosides isolated from S. rebaudiana, such as the rebaudiosides, are typically associated with the ent-kaurene core and glycosylation at the C-13 and C-19 positions. Extensive application of nuclear magnetic resonance spectroscopy techniques ( 1 H, 13 C, 1D-TOCSY, COSY, HSQC-DEPT, HMBC, and ROESY) as well as high-resolution mass spectrometry demonstrated that the ent-atisenes 1 to 5 had glycosylation patterns identical to rebaudiosides J, N, O, K, and T, respectively. We have named these compounds stevatisene J, N, O, K, and T, respectively.
Stevia rebaudiana Bertoni (Asteraceae), a perennial herb indigenous to Brazil and Paraguay, is an important source of low-calorie highly potent sweeteners known as steviol glycosides. 1 These diterpenes are characterized by an ent-kaurene aglycone and a wide variety of glycosylation patterns at the C-13 and C-19 positions. 2 To date, there are dozens of published naturally occurring steviol glycosides, and efforts to isolate new steviol analogs continue. 3 Indeed, the availability of large quantities of commercially available S. rebaudiana leaf extracts has facilitated efforts to uncover new minor diterpene glycoside components. 4 Here, we report on the isolation and structure elucidation of 5 new ent-atisene diterpene glycosides.
Five new compounds (1-5, Figures 1 and 2 ) were isolated from a commercial supply of S. rebaudiana leaf extract. 1 H and 13 C NMR data suggested that these compounds were all diterpene glycosides containing an ent-atisene core glycosylated at the C-13 and C-19 positions. The presence of this class of chemistry in S. rebaudiana was recently reported. 5 Extensive analysis of 1D and 2D NMR data, including that based on 1 H, 13 C, 1D-TOCSY, 1 H-1 H COSY, 1 H-13 C HSQC-DEPT, 1 H-13 C HMBC, and 1 H-1 H ROESY experiments, confirmed that 1 to 5 contained the ent-atisene core with a varying number of sugar units attached to that core (see Supporting Information for representative 1D and 2D NMR spectra). The complete 1 H and 13 C NMR assignments of compounds 1 to 5 are provided in Tables 1 and 2, respectively. The following discussion describes key steps in establishing the ent-atisene core together with the glycosylation substitution patterns for each of these new compounds.
The structure of compound 1 was elucidated in the same manner described previously in our discovery of other new Stevia glycosides. 4 While most of the observed resonances in the 1 H and 13 C NMR spectra for the diterpene core of compound 1 were similar to that of ent-kaurene Stevia glycosides, [1] [2] [3] [4] significant deviations were noted. Furthermore, HSQC-DEPT data for 1 revealed only 8 methylene units instead of the 9 commonly observed in the central diterpene core of related Stevia glycosides. Also, in addition to 2 methine units at the C-5 and C-9 positions, 2 additional methine units at δ H 2.48/δ C 42.3 and δ H 4.04/δ C 79.0 were observed, indicating structural differences in the central diterpene core. In the COSY spectrum, correlations were observed from H-9 (δ H 1.09) to H-11 (δ H 1.43 and 1.60) and from H-11 to a methine proton at δ H 2.48, confirming that a methine proton is present at C-12 instead of the more commonly present methylene protons. The proton at δ H 2.48 (H-12) showed COSY correlations to another methine proton at δ H 4.04 which was assigned to H-13. The carbon chemical shift of C-13 was then assigned as δ C 79.0 based on HSQC-DEPT data indicating a hydroxyl or substituted hydroxyl unit at C-13. In the COSY spectrum, correlations from H-13 (δ H 4.04) to δ H 1.15 and 2.43 were then assigned to H-14. In the HMBC spectrum, correlation observed from H-13 to an anomeric carbon at δ C 101.7 and a reciprocal correlation from the anomeric proton at δ H 4.53 to δ C 79.0 (C-13) confirmed the attachment of sugar unit at C-13 position. Analysis of available NMR data thus confirmed that C-13 was attached to C-12, C-14, a sugar unit, and a methine proton, but not to C-16 commonly found in other Stevia glycosides. Furthermore, analysis of NMR data confirmed that C-16 is attached to C-12 ( Figure 3 ).
These data thus confirmed that compound 1 is an ent-atisene diterpenoid glycoside (Figure 3 ). In the ROESY spectrum, NOE correlations were observed between H-20 and one of the H-14 protons (δ H 2.43) indicating that H-14 and H-20 are on the same face of the ring. This assignment was further supported by NOE correlations between H-20 and H-13. Similarly, NOE correlations were observed between H-18 and H-5/H-9 but no NOE correlations were observed with H-13, H-14, and H-20 indicating that H-5, H-9, and H-18 were on the opposite face of the ring compared to H-13, H-14, and H-20 ( Figure 3 ).
Analysis of the 1 H-13 C HSQC-DEPT data for 1 confirmed the presence of 5 anomeric protons at δ H 5.57 (δ C 94.2), 5.28 (δ C 101.8), 4.79 (δ C 103.5), 4.63 (δ C 104.5), and 4.53 (δ C 101.7). NMR data indicated that 4 sugar units were glucose and 1 unit was rhamnose.
The anomeric proton at δ H 5.57 showed an HMBC correlation to C-19 (δ C 177.2) and was assigned to Glc I. The Glc I proton spin system was established through COSY and 1D-TOCSY data and The anomeric proton at δ H 4.53 (δ C 100.7) showed an HMBC correlation to C-13 and was assigned to Glc II H-1. Extensive COSY, 1D-TOCSY, HSQC-DEPT, and HMBC analyses established that the C-13 glycoside was a Glcβ(1-2)[Glcβ(1-3)]Glcβ1 unit. This unit is found at the C-13 position of a wide range of steviol glycosides, including rebaudioside A and M. This structure was further supported by mass spectrometry data. Accurate mass measurement of 1 using HRMS provided an exact mass at m/z 1111.4830 in the negative ESI-TOF mass spectrum. This corresponded to a molecular formula of C 50 H 80 O 27 (calcd for The key HMBC and COSY correlations used to assign the C-19 and C-13 glycoside region of 1 are provided in Figure 4 . Compound 1 was therefore identified as 13-
. The glycosylation pattern recapitulates that for rebaudioside J. We have termed this compound stevatisene J.
The structure of compound 2 was characterized in a similar manner. The 1 H, 13 C, and HSQC-DEPT data indicated an additional glucose unit in 2 when compared with 1. This additional glucose unit was supported by the presence of 6 anomeric proton and carbon resonances in the NMR data compared to 5 in 1 (see Supporting Information and Tables 1  and 2 ).
Analysis of the 1D and 2D NMR data further confirmed the presence of 5 glucose units and 1 rhamnose unit in 2. The rhamnose unit was attached to Glc I as in 1. The relatively higher frequency chemical shift of Glc I C-3 (δ C 87.0) implied additional substitution at this position in Glc I. This was confirmed by an HMBC correlation from the anomeric proton at δ H 4.54 (Glc VI H-1) to Glc I C-3 (δ C 87.0) as well as a reciprocal correlation from Glc I H-3 (δ H 3.79) to the anomeric carbon of Glc VI (δ C 104.4 or 104.5). The coupling constant of 7.9 Hz for the Glc VI anomeric proton indicted a β-configuration for this linkage. Further 2D NMR analysis confirmed the structure of the C-13 region and also Compound 2 was identified as 13-[(2-O-β-dg l u c o p y r a n o s y l -3 -O -β -d -g l u c o p y r a n o s y l -β -dg l u c o p y r a n o s y l ) o x y ] e n t -a t i s -1 6 -e n -1 9 -o i c acid-
The glycosylation pattern recapitulates that for rebaudioside N. We have termed this compound stevatisene N.
Structure elucidation of compound 3 was based on a similar analysis of 1D and 2D NMR data and was supported by mass spectrometry data. The 1 H, 13 C, and HSQC-DEPT data indicated 7 anomeric protons and carbons and thus an additional glucose unit in 3 when compared with 2 (see Supporting Information and Tables 1 and 2) .
Extensive 1D and 2D NMR analyses placed this additional glucosyl unit in the C-19 glycoside region. Key observations in establishing this were the relatively higher frequency chemical shift of Rha C-3 (δ C 83.0) implying substitution at this position as well as an HMBC correlation from the anomeric proton (at δ H 4.58, Glc V H-1) to a carbon at δ C 83.0 (Rha C-3) and a reciprocal HMBC correlation from δ H 3.73 (Rha H-3) to the anomeric carbon at δ C 105.1 (Glc V C-1). The coupling constant of 7.8 Hz for the Glc V anomeric proton signal observed in the 1 H NMR spectrum indicated a β-configuration. As before, the C-19 glycoside region was shown to be Glcβ(1-2)[Glcβ (1-3) Compound 3 was identified as 13-
The glycosylation pattern recapitulates that for rebaudioside O. We have termed this compound stevatisene O.
The complete NMR spectral data analysis of compound 4 indicated that it is an isomer of compound 1. NMR data comparisons of 4 with 1 (Tables 1 and 2 ) as well as extensive 1D and 2D NMR analysis placed 2 glucose and rhamnose units within the C-13 glycosyl unit and 2 glucose units within the C-19 glycosyl unit in 4. The relatively higher frequency chemical shifts of Glc II C-2 (δ C 77.6) and C-3 (δ C 88.7) indicated substitution at those positions. An HMBC correlation from Rha anomeric proton resonance observed at δ H 5.30 to Glc II C-2 (δ C 77.6) and a reciprocal HMBC correlation from δ H 3.50 (Glc II H-2) to the anomeric carbon at δ C 102.1 (Rha C-1) placed the rhamnose unit as the Glc II C-2 substituent. Similarly, an HMBC correlation from Glc IV anomeric proton at δ H 4.46 to Glc II C-3 (δ C 88.7) and a reciprocal HMBC correlation from δ H 3.69 (Glc II H-3) to the anomeric carbon at δ C 104.5 (Glc IV C-1) placed a glucose unit at Glc II C-3. The above described structure was supported by mass spectrometry data. Accurate mass measurement of 4 provided an exact mass at m/z 1111.4907 in the negative ESI-TOF mass spectrum. This corresponded to a molecular formula of C 50 H 80 O 27 (calcd for C 50 H 79 O 27 : 1111.4809) supporting that 4 was an isomer of 1.
Compound 4 was therefore identified as 13 -
The glycosylation pattern recapitulates that for rebaudioside K. We have termed this compound stevatisene K.
Compound 5 was characterized in a similar manner on the basis of extensive analysis of the NMR data which indicated the presence of 5 glucose and 1 deoxypentose units attached to the ent-atisene central core of the structure.
NMR data established the deoxypentose unit in 5 was xylose. Xylose is relatively rare in Stevia glycosides, and its structural assignment as well as its position at Glc I C-2 was based on 1D and 2D NMR data (see Supporting Information). The anomeric proton resonance observed at δ H 4.94 showed an HMBC correlation to Glc I C-2 (δ C 77.8) and was assigned as the anomeric proton of Xyl. The reciprocal HMBC correlation from Glc I H-2 (δ H 3.80) to the anomeric carbon of Xyl (δ C 104.1) was also observed confirming this linkage.
The COSY and 1D-TOCSY data allowed the assignments of Xyl H-1 (δ H 4.94), H-2 (δ H 3. Compound 5 was therefore identified as 13-
The glycosylation pattern is similar to that for rebaudioside T. 6 We have termed this compound stevatisene T.
Diterpene glycosides from S. rebaudiana are generally characterized by the presence of an ent-kaurene aglycone core. There is at least one report of labdane diterpenes from S. ; labdanes have also been found in S. seleriana. 8 Clerodanes have been found in S. polycephala 9 and grindelanes in S. subpubescens. 10 Here we report on the isolation and structure elucidation of 5 compounds. These ent-atisenes (1-5) had glycosylation patterns identical to rebaudiosides J, N, O, K, and T, respectively. The entatisene core has been found in a limited set of plants including, for example, Aconitum heterophyllum (Ranunculaceae), 11 Isodon albopilosus (Lamiaceae) 12 and Viguiera insignis (Asteraceae). 13 Its presence in a commercially relevant plant such as S. rebaudiana is therefore significant.
Experimental

Isolation of Compounds 1 to 5 by Preparative HPLC
The fractionation of ~300 g of S. rebaudiana leaf extract was performed in successive chromatographic steps. The first step used a Waters XBridge RP18 column (50 × 250 mm, 7 µm) or Phenomenex Luna C18 (2) flow rate was 20 mL/min; detection at 210 nm. Compound 3 was isolated using a slight modification of the elution procedure as follows: 0 to 30 minutes linear ramp from 100% mobile phase A to 100% mobile phase B with 5 minutes isocratic holds at 87%, 47%, and 30% mobile phase A composition. Compound 5 was also isolated using a slight modification in the elution procedure. Here mobile phase A was 80% MeCN (v/v) in H 2 O and the gradient was a 0 to 60 minutes linear ramp from 100% mobile phase A to 100% mobile phase B.
Amounts of sample available for spectroscopic and spectrometric analyses were 1 (4.5 mg), 2 (7.9 mg), 3 (3.8 mg), 4 (0.8 mg), and 5 (0.3 mg).
Fraction Analyses
Analysis of preparative purification fractions from the first step was performed using the following method: Phenomenex Synergi Hydro-RP (4.6 × 250 mm, 4 µm); column temp: 55°C; mobile phase A: 0.00284% NH 4 OAc and 0.0116% AcOH in water; mobile phase B: MeCN; flow Rate: 1.0 mL/min; injection volume: 10 µL.
Primary fractions were analyzed using the following method: gradient: 0 to 8. 
Mass Spectrometry
The ESI-TOF mass spectra were generated with a Waters Q-Tof Micro or Premier mass spectrometer equipped with an electrospray ionization source. The sample was diluted with H 2 O-MeCN (1:1) or H 2 O-MeCN (1:1) with 0.1% formic acid and introduced via infusion using the onboard syringe pump and analyzed by negative ESI.
Nuclear Magnetic Resonance Spectroscopy
NMR data for 1 to 5 were acquired from Bruker Avance 500 MHz instrument with a 5 mm broadband probe and 2.5 mm inverse detection probe. Some of the NMR data were also acquired at 600 MHz. The 1 H NMR and 13 C NMR spectra were referenced to the MeOD signal at δ H 3.30 and δ C 49.0 ppm, respectively. NMR data were acquired either at 300 K or at 286 K. Table 1 .
13-[(2-O-β-d-
